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CHAPTER I
INTRODUCTION

Release of apical dominance by apical bud removal (pinching) has been shown to
have a significant effect on yield in many crops. Apical dominance is critically affected
and linked to auxin growth regulators. Among several seed production approaches, apical
bud pinching is practiced to enhance flower bearing branches by curbing vegetative
growth (Vasudevan et al., 2008). Exogenous application of growth regulators and
micronutrients also offer unique opportunities of scaling plants to any size. Along with
auxins, cytokinins are also important hormones, which have also been shown to increase
branching after pinching (Mader et al., 2003; Bangreth, 1994; Turnbull et al., 1997).
Exogenously applied cytokinin was found to have the same effect as pinching (Bangreth,
1994; Chen et al., 1997). Although a lot of information is available to maximize
flowering in commercially important plants, comparative studies involving the use of
growth retardants and pinching are scarce, especially on chile peppers. In chile peppers,
there is a need to increase both fruit yield and to increase fruit size and quality
(Alagukannan & Vijayakumar, 1999). The objective of this study was to determine the
effects of hand pinching and chemical sprays of dikegulac sodium, and Gibberellic acid
(GA3) on branching, fruit yield, fruit size and quality of Chile pepper, Capsicum annum
L. cv, NM 6-4.
1

Hand pinching (the removal of the apical bud of the main shoot) is encouraged to
release axillary bud development and increase branching (Larson, 1980). However,
pinching is usually aimed at increasing flower number (Love, 1975), but little
information is available as to any effects on fruit yield. Pinching may be accomplished by
manual removal of shoot apices, which overcomes apical dominance and increases lateral
branching but is a very labor intensive process. Growth and flowering response were
evaluated by observing the effects of flowering time and plant quality on Antirrhinum
cultivar (Munir and Naz, 2006). In Dianthus caryophyllus comparative evaluation of
different pinching approaches on vegetative and reproductive growth was observed. An
experiment was carried out to compare the effect of two growth retardants (GA3 and
cycocel) and manual pinching, Cycocel was found effective more than GA3 (Iftikhar et
al., 2007). Suppressive as well as beneficiary effects of pinching in terms of delayed
flowering and increased number of flowering stems have been reported (Ubukata, 1999;
Pathania et al., 2000; Sawwan and Samawi, 2000).
Pepper is a tender, warm-season vegetable. Pepper plants require somewhat
higher temperatures, grow more slowly and are smaller than most tomato plants. The fruit
of chile pepper belongs to the plant genus Capsicum in the nightshade family
(Solanaceae) and is an important commercial fruit originally from South and Central
America. The chile pepper is a pod that encloses multiple seeds inside its cavity. The
wide spectrums of types of chile pepper have different sizes, shapes, colors and flavors.
The heat of the peppers determines the strength of the seasoning. Chile pepper pungent
pod plays an important role in the cuisines of many countries including Africa, China
(Szechuan region), India, Mexico, South America, Spain, and Thailand. There are more
2

than 200 varieties of chilies, over 100 of which are indigenous to Mexico. Capsicum fruit
contain about 0.1 to 1 .0% of capsaicin. Capsaicin forms colorless platelets which have
an intensely burning taste, melt at 63-65°C, and boil at 210-220°C (Monsereenusor et al.,
1982) It is sparingly soluble in cold water and is more soluble in boiling water, but
readily soluble in organic solvents such as petroleum benzene, alcohol, ether, glacial
acetic acid, hot carbon disulfide, and fatty oils. Capsaicin has a maximum UV absorption
at 227 and 281 nm (Strecher et al., 1968). The chile pepper raised in this study was
capsicum annum commercial (cv) New Mexico 6-4.
Bocion et al. (1975) first observed that dikegulac sodium (2,3:4-6-di-Oisopropylidene-a-L-xylo-2hexalofuranosate), which is an intermediate product in the
commercial synthesis of L-ascorbic acid, acted as a plant growth regulator. Dikegulacsodium is a Gibberellin biosynthesis inhibitor and systemic PGR that works by blocking
plant hormones, interrupting apical dominance and temporarily stopping shoot elongation
(Thomas et al., 1992; Schnelle et al., 1996; Fain et al., 2001a; Fain et al., 2001b; Puglisi,
2002; Pozo et al., 2004). Dikegulac-sodium mechanically prunes (Thomas et al., 1992),
increases lateral branching (Thomas et al, 1992; Fain et al., 2001a; Fain et al., 2001b;
Puglisi, 2002; Pozo et al., 2004) induces axillary bud growth (Fain et al., 2001a; Fain et
al., 2001b; Puglisi, 2002) and to promote mature fruit abscission (Pozo et al., 2004).
Dikegulac-sodium products reduce apical dominance and increase branching. It had been
used as an agent to replace pinching as an inducer of axillary branching (Bocion and De
Silva, 1976). Treatment with dikegulac causes an inhibition of normal apical dominance,
thus growth of lateral shoots may be function of loss of apical dominance. There are a
number of reports showing dikegulac sodium effect in modifying growth behavior of
3

plants, such as suppressed male flowering and promoted female flowers in Cucumis
sativus L. (Das et al., 2006). Dikegulac-sodium also quickly disrupted apical dominance
and retarded plant growth (Arzee et al., 1977) leading to shortened plant height and
deferred leaf senescence (Bhattacharjee and Gupta 1981). Dikegulac-sodium increased
axillary shoot production of azaleas (Larson, 1978; Shu and Sanderson, 1980), zinnia and
chrysanthemum (Arzee et al., 1977), and Rieger begonia (Agnew and Campbell, 1983),
but was proven ineffective on some foliage plant species (Lyons and Hale, 1987). The
objective of this study was to determine the effects of hand pinching and chemical sprays
of dikegulac sodium, and Gibberellic acid (GA3) on branching, fruit yield and fruit size
and pH and soluble solids of chile pepper, capsicum annuum cv NM 6-4.

4

CHAPTER II
REVIEW OF LITERATURE

2.1

Capsicum
Capsicum has various physical, chemical, and pharmacological properties that are

why its cultivation has received more attention only in recent years. Information available
on the effect of pinching, levels of fertilizer and use of growth retardants on fruit yield
and quality and storage potential of chile pepper Capsicum and are presented here. Fruit
quality and productivity mainly depends on integrated use of nutrients, plant population,
pinching and application of growth regulators. However, the information on the effects of
integrated use of nutrients, spacing, pinching and application of growth regulators on
yield and quality of Capsicum fruit is very limited. Hence reviews on these aspects in
Capsicum and other closely related species, flowering plants and vegetable crops have
been included and presented in this chapter.
2.2

pH and soluble solids
Capsaicin is weakly acidic and contains a phenol group and experimental studies

represents it is generally not precipitated or by only few reagents due to presence of
alkaloids only slightly precipitated (Monsereenusor 1982). The phenol group can be
methylated to form methyl capsaicin, a derivative with much less pungency than the
parent compound (Lapworth & Royle. 1919; Jones & Pyman, 1925). Nelson (1919;
5

1920) and Nelson & Dawson (1923) clarified the structural formula of capsaicin and
found that it is the vanillylamide of dicilenic acid. Its empirical formula is C18H2703N and
molecular weight is 305.40 daltons. Its pungency is not destroyed by heating with 2%
NaOH solution, but is destroyed by oxidation with KMn04 or K2Cr207 whereas synthetic
capsaicin, having a saturated side chain, is not easily oxidized (Todd, 1958).
2.3

General pharmacological properties of capsicum
Due to its pungency red pepper causes a local irritating effect upon the nasal

membranes which causes prolonged sneezing and coughing (Sreenivasan & Boese,
1970). Capsaicin of capsicum creates warmth sensation on swallowing which further
increases to rigorous pain and painful burning, thus leading to associated gastrointestinal
disorder (Nast, 1923; Berkesy, 1934). The fibrinolytic activity of plasma (Glatzel, 1965;
Wasantapruek 1972) as well as amount of saliva and its amylase concentration increases
due to high powered doses of chili (Blumberger and Glatzel, 1963; 1965). High doses of
capsaicin also increases cardiovascular and respiratory systems when it is taken either
intravenously (Lille & Ramirez, 1935) or orally (Glatzel and Rettenmaier, 1964).
Capsaicin was observed as a potent respiratory stimulant in animals poisoned with
barbiturates capsaicin extracts have also been shown to be a psychological stimulant in
animals (Glatzel, 1968 & 1969; Molnar, 1965a & 1965b) and to some degree in humans
(Glatzel, 1968; 1969; Meyer-1Bolburg, 1972). Capsicum has many important
pharmacological properties in the cardiovascular, respiratory segments, and
thermoregulation. It has a role in inflammation, pain-production, and in the
gastrointestinal tract.
6

2.4

Effect of pinching on growth parameters
Size and shape of transplants are the physical manipulation that can be achieved

by removing the top portion (apical bud) of shoot or portion of root, either during raising
the plants or just before transplanting. Sen and Naik (1977) reported that apical bud
pinching caused significant reduction in plant height (62.8 cm) compared to control
(68.8cm) of in Early white chrysanthemum variety. Malleshappa (1984) studied was
significant reduction in plant height, leaf area, leaf area index, and increase in number of
branches, leaves, stem and total dry weight, whereas in china aster.
Arora and Khanna (1986) observed that pinching 20 days after transplanting
caused maximum decrease in plant height (62.50 cm) and generated less number of
branches per plant (10.80) in contrast to pinching at 40 days after transplanting (80.80 cm
and 16.70 / plant, respectively) in marigold. Jayanthi et al. (1987) studied pinching at 20,
27, 34 and 50 days after sowing (DAS), and reported significant height reduction with
highest number of shoots (7.5) per plant obtained by pinching at 27 DAS in balsam. Bhati
and Chitkara (1987) reported that pinching at 30 days after transplanting significantly
reduced the plant height, but increased the spread of plants in marigold. Yassin and
Pappaih (1990) observed pinching at 30 days after transplanting significantly decreased
plant height (39.60 cm) and produced larger number of laterals (19.80) compared to the
control (46.00 cm and 14.80, respectively) in chrysanthemum. Jhon and Paul (1995)
reported in chrysanthemum that plants pinched once (4 weeks after planting) had
maximum plant height, plant spread, and numbers of branches as compared to plants
pinched twice or thrice. In carnation Pathania et al. (2000) reported that in un pinched
plants maximum plant height (62.10 cm) was attained as compared to plants pinched
7

twice (39.27 cm). Verma et al. (2002) reported that the single pinch method was found
better than the two pinching method (single pinch and one and-a-half pinch) for quality,
whereas, total yield per square metre was maximum in one and-a-half pinch method in
carnation cv.
Kumar et al. (2002) reported in carnation cv. Red corso that pinching (removal of
2.0-2.5 cm shoot apex once in every 4 weeks or twice in 4 and 8 weeks) gave shorter
plants with shorter leaves with increased number of branches, leaves and dry matter
content. In marigolds Joshi et al. (2002) studied that significant increased in fresh and dry
weight due to pinching as compared to no pinching. Kumar et al. (2003) observed that
pinching twice caused a decrease in plant height; leaf length with great’s number of side
shoots, leaves and dry weight of plant compared to unpinched plants in carnation.
2.5

Effect of plant growth regulators on fruit yield and quality
Growth regulators play a critical role in changing both morphology and

physiology of plants. The effect of growth regulators changes with plant, species,
variety, concentration used method of application, frequency of application, and various
other factors which influence the absorption and translocation of the chemicals.
2.5.1

Gibberellic acid (GA3)
Gibberellins are the most widely used and proven growth substances in

horticulture. Gibberellic acid (GA) enhances the synthesis of α-amylase and ribonuclease
in isolated aleurone layers and this process is inhibited by abscisin. Removal of
Gibberellic acid in mid-course of α-amylase production results in a slowing down of αamylase synthesis, suggesting a continued requirement of GA for enzyme synthesis
8

(Maarten J et al., 1967). Gibberellins stimulate cell division and elongation; increase stalk
length, and increase flower and fruit size. Gibberellic are defied from diterpeniod acid,
and function as plant growth regulators influencing a range of developmental process in
plants life, such as stem elongation, germination, breaking dormancy, flowering, sex
expression, enzyme induction, and leaf and fruit senescence. Gibberellins are
characterized by a gibbane carbon skeleton and based on the substitution of gibbane
carbon skeleton more than 100 gibberellins are available at present. The most commonly
used one GA3. (Kohl and Kofranek,. 1951) were among the first to investigate the
possible use of GA3 in floriculture crops.
2.5.1.1

Effect of GA3 on growth parameters
Spraying of GA3 an marigolds and china aster at 200 mg/l reported maximum

height (46.39 and 58.93 cm) and more number of branches (14.13 and 13.77) as
compared to control (36.90 and 37.90 cm and 6.06 and 6.80, respectively (Lal and
Mishra, 1986). Similarly in gladiolus GA3 at 100 mg/l resulted in maximum plant height
(53.87 cm) and increased number of leaves per plant (6.33) compared to control (44.90
cm and 4.67, respectively). Sadrollah Ramezani, and Akhtar Shekafandeh, (2009).
Reporter that (GA3) increase fruit yield, and quality in olive fruit applied in different
concentration which resulted increase fruit yield. El-Sese (2005) reported that GA3
resulted in increased yield as number and weight of Balady mandarin fruits and tree. U.
Batlang, (2008) reported that GA3 increase branching, yield, and fruit quality and size in
hot pepper plants. Kumar et al. (2003) studied maximum height (62.00 cm) and number
of branches (20.27) per plant in plants treated with GA3 at 200 ppm as compared to
control (46.77 cm, and 16.57, respectively) in china aster (Ravindran, et al. 1986) reported
9

significant increase in plant height (99.42 cm) and more number of branches (14.96) per
plant with the spraying of GA3 250 mg/l compared to the control (82.08 cm and 9.33,
respectively) in chile. In gladiolus, (Umrao,et al. 2007) revealed that GA3 sprayed at 100
mg/l spray increased plant height (119.88 cm) compared to control (115.68 cm).
Chandrappa et al. (2006) reported the maximum plant height (46.44 cm) with spraying of
GA3 at 750 mg/l compared to control (45.22 cm) in anthurium cv. Royal Red. (Dandena
Gelmesa, 2010) report that GA3 affected the SSC and pH.
2.5.2

Dikegulac-sodium
Dikegulac sodium is manufactured as Atrinal (Tradename) by Maag

Agrochemicals, Vero Beach, Florida. Dikegulac-sodium is a Gibberellin biosynthesis
inhibitor and systemic PGR that works by blocking plant hormones, interrupting apical
dominance and temporarily stopping shoot elongation (Thomas et al., 1992; Schnelle et
al, 1996; Fain et al., 2001a; Fain et al., 2001b; Puglisi, 2002; Pozo et al., 2004). It is
applied as a foliar spray and is translocated throughout the plant to meristematic zones.
At appropriate concentrations dikegulac sodium causes temporary inhibition of plant
growth, reduces or eliminates apical dominance, promotes growth of axillary buds
and inhibits flowering and fruit set of certain plant species.
2.5.2.1

Effect of dikegulac-sodium on plant for increase branch and fruit yield
Cohen (1978) reported spraying treatment with dikegulac-sodium on newly

planted and established foliar branching/stem of rhododendron after 7 weeks. Dikegulacsodium caused chlorosis of foliage located near the apex after 2 weeks, but this
disappeared within 7 weeks after treatment. Matta (1984) reported that dikegulac-sodium
10

reduced plant height and increased branching of chile pepper (C. annuum), but reduced
yield because fruit did not mature before the first fall frost. Dierking and Sanderson
(1985) reported that dikegulac-sodium inhibited growth and increased branching of
‘Raspberry Ice’ and ‘San Diego Red’ bougainvillea, but did not enhance flowering under
short days. Lym and Messersmith (1982) reported dikegulac sodium activity on leafy
spurge alone and in combination with 2,4-D and picloram. They observed dikegulac
sodium at 0.46 and 0.62% (v:v) decreased the number of leafy spurge shoots arising from
the roots when counted two weeks after the top growth was removed. Owings, Allen D.
and Steven E. Newman. (1993) reported that dikegulac-sodium, and GA3 increase
branching, plant length and shoot width, in Photinia plants.
Norcini et al. (1992) reported that effect of dikegulac on flowering and growth of
Bougainvillea ‘Rainbow Gold’. In this study marketable hanging baskets of ‘Rainbow
Gold’ bougainvillea were produced from rooted liners in 9 weeks when treated with
dikegulac under decreasing daylengths and high temperatures. However, one application
of dikegulac did not reduce vegetative growth. Starman (1993) studied the effects of
concentration and application time of uniconazole as a spray for single- or doublepinched ornamental pepper (Capsicum annuum L. ‘Holiday Cheer’). Fain (2001) reported
that the effect of two plant growth regulators, ethephon and dikegulac-sodium on flower
abortion, fruit set, and axillary shoot stimulation of ‘Tuscarora’ crapemyrtle when applied
to open inflorescences. Abdelgadir (2009) promoting branching of a potential biofuel
crop at 2.0 mM produced the maximum number of branches (18.0) in the field 7 months
after application Jatropha curcas L. by foliar application of dikegulac-sodium.

11

CHAPTER III
MATERIALS AND METHODS

This study was conducted in the research greenhouse of the Department of Plant
and Soil Sciences, Mississippi State University during spring and summer 2011. Seeds of
(NM 6-4), chile pepper were germinated in flats (4.2cm x 8.4cm) on February 21,
2011(photo 1). After 35 days March 26, 2011, seedlings were transplanted into 4 inches
(10 cm) plastic pots. The soil media used was Sunshine 1 mix. The seedlings were
allowed to develop after approximately 14 days then transplanted into (4,546,09 cm3 ) for
1 gallon plastic containers. Plants were spaced 45 cm x 30 cm on the greenhouse bench
(photo 2). After 7 days on April 19th, 2011, eight treatments were applied; hand pinching,
chemical pinching using Gibberellic GA3 0.95 % active ingredients, fine Americas, inc,
Walnut Creek, CA 94596. Gibberellic acid used at (50, 100, and 150 ppm), and
dikegulac-sodium 18.5% active ingredients, is a registered tradlhark of maag
agrochemicals,inc. Vero Beach, Florida. Dikegulac-sodium used at (25, 50 and 100 ppm).
The experiment was a completely randomized design with four replications. Hand
pinching involved of the removal of the apical buds with the fingers without causing
damage to plant shoots. The growth hormones (GA3 and Dikegulac sodium) were
sprayed with a hand sprayer to the point of drip with known concentrations of the
chemicals. Plants were watered as needed with a hose on which include peter’s fertilizer
at 200 ppm N, (20-20-20 N,P,K). Data collected included branching (photo 3), fruit yield
12

(g), fruit length (cm), fruit width (cm), (photo 4). Soluble Solids (SS) was determined at
25°C with a hand refractometer (Atago Co. LTD., Tokyo, Japan), and expressed as °Brix.
Juice pH was recorded using a pH meter.
3.1

Statistic Analyses
Data were expressed as mean ± S.E.M. using SAS program and analyzed using

one-way ANOVA. LSD was used to separate the means. P-value less than 0.05 was
considered significant.

Figure 3.1

Germination of New Mexico 6-4, chile pepper in seed plots
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Figure 3.2

Distribution of plants in completely randomized plot.
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Figure 3.3

Dikegulac sodium promoting branching in chili pepper NM 6-4.

15

Figure 3.4

Typical fruits of cultivar NM 6-4 chili pepper at commercial stage.
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CHAPTER IV
RESULTE AND DISCUSSION

The effects of hand pinching, dikegulac sodium, and Gibberellic acid (GA3) on
fruit yield of Capsicum annum, cv NM6-4 are presented in Table 1. Data show that hand
pinching did not influence fruit yield of chile pepper, regardless of harvest. At first
harvest dikegulac sodium at 50 ppm increased fruit yield compared to the control, but did
not affect total yield. However, at first harvest dikegulac sodium at 100 ppm reduced fruit
yield compared to the control. At second, third, and fourth harvest dikegulac-sodium had
no effect on fruit yield. However, dikegulac-sodium at 100 ppm reduced total yield.
Pinching and Gibberellic acid did not affect fruit yield throughout the growing season.

17

Table 4.1

Effect of Hand pinching, Dikegulac Sodium, and Gibberellic Acid (Ga3) on
Fruit Yield of Chile Pepper NM 6-4.
Treatment

1

29.80 b*
Control
Pinching (PH)
30.55 ba
Dikegulac sodium (DS) (ppm)
22.45 bc
25
50
40.88 a
100
11.73 c
Gibberellic (GA3 ), (ppm)
50
19.90 bc
100
19.05 bc
150
16.26 bc

Harvest
2
3
Fruit yield/ plant
13.50 a 8.01 a
12.77 a 20.81 a

4

Total

17.18 a
17.71 a

68.49 a
81.84 a

19.67 a
11.94 a
11.84 a

10.95 a
15.76 a
14.17 a

18.64 a 71.17 a
12.25 a 80.83 a
13.89 a 51.63 ab

11.58 a
14.05 a
15.61 a

12.47 a
14.23 a
12.08 a

16.90 a
15.09 a
14.63 a

60.85 a
62.42 a
58.58 a

*- Means in columns with the same letter do not differ according to the LSD Test, P =0.05

It has been shown that hand pinching increased flowering and yield in marigolds.
(Joshi et al. 2002). However, in this study hand pinching did not affect yield. Results with
dikegulac-sodium in this study are consistent with previous finding including dikegulacsodium increased branching and yield, (Matta, 1984; Dierking and Sanderson, 1985).
However, in this study the total yield was reduced by dikegulac-sodium at 100 ppm
which may be undesirable. Gibberellic Acid GA3, in this study did not influence yield.
Previous research reported that increased fruit yield and quality in olive, (S Ramezani,
2011; El-Sese, 2005). However, in this study GA3 did not affect fruit yield during the
growing season.
The effect of hand pinching, dikegulac sodium, and gibberellic acid GA3 on fruit
length of Capsicum annum, cv NM6-4 are presented in Table 2. Hand pinching did not
affect fruit length throughout the growing season. At first and second harvest dikegulac
18

sodium at 100 ppm reduced fruit length compared to the control, the remaining
concentration had no effect. Dikegulac-sodium also reduced average fruit length. GA3,
also, had no effect on fruit length throughout the growing season.
Table 4.2

Effect of Hand pinching, Dekgeulac-sodium, Gibberellic acid (GA3), on
Fruit Length of Chile Pepper NM 6-4.
Treatment

Control
Pinching (PH)
Dikegulac sodium (DS) (ppm)
25
50
100
Gibberellic (GA3) (ppm)
50
100
150

Harvest
1
2
3
Fruit Length (cm)
12.16 a* 8.22 ba 6.31 a
10.58 a
6.99 bc 11.04 a

15.59 a
12.16 a

10.34 a
12.04 a
5.64 b

8.92 ba
7.78 ba
5.52 c

5.95
9.90
8.56

9.19
7.34
8.18

10.58 a
10.45 a
9.26 a

8.66 a
9.94 a
9.52 a

9.52 a
10.34 a
7.62 a

a
a
a

4

a
a
a

10.03 a
9.22 a
8.57 a

*- Means in columns with the same letter do not differ according to the LSD Test, P =0.05

Takechi, W. et al. 2009 reported that pinching reduced fruit length in early
maturing peach cultivar 'Hikawa Hakuho'. However, in this study hand pinching did not
affect fruit length. Dikegulac-sodium results in this study are consistent with previous
finding including dikegulac-sodium increased branching, and reduce plant height and
fruit length, (Matta, 1984; Dierking and Sanderson, 1985). In this study at first and
second harvest, dikegulac-sodium reduced fruit length which resulted in small fruit.
Gibberellic acid, in this study, did not influence fruit length. Previous research reported
that GA3 increased fruit length and quality in hot pepper. (U. Batlang, 2008).
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The effect of hand pinching, dikegulac sodium, and gibberellic acid (GA3) on fruit
width of Capsicum annum, cv NM6-4 are presented in Table 3. Hand pinching,
dikegulac-sodium, and GA3 had no affect on fruit width throughout the growing season.
Table 4.3

Effect of Hand pinching, Dekgeulac-sodium, Gibberellic acid (GA3) on
Fruit Width of Chile Pepper NM 6-4.
Treatment

Control
Pinching (PH)
Dikegulac sodium (DS) (ppm)
25
50
100
Gibberellic ( GA3 ) (ppm)
50
100
150

Harvest
1
2
3
Fruit Width (cm)
3.81 a*
2.78 a
2.40 a
3.74 a
2.70 a
2.99 a

4

Ave

2.76 a
3.01 a

2.93 a
3.11 a

2.51 a
3.41 a
3.19 a

2.72 a
3.03 a
2.69 a

2.56 a
2.67 a
3.71 a

2.55 a
2.38 a
2.80 a

2.58 a
2.87 a
3.35 a

2.74 a
3.06 a
2.98 a

2.73 a
2.74 a
2.41 a

2.49 a
2.62 a
2.54 a

2.55 a
2.66 a
2.71 a

2.63 a
2.77 a
2.66 a

*- Means in columns with the same letter do not differ according to the LSD Test, P =0.05

It was reported that hand pinching, dikegulac-sodium, and GA3, increased shoot
width and increased branching, but reduces plant height, (Allen D. et al., 1993).
However, in this study hand pinching, dikegulac-sodium, and GA3 did not influence fruit
width.
The effects of hand pinching, dikegulac sodium, and gibberellic acid (GA3) on
branching of Capsicum annum, cv NM6-4 are presented in Table 4. Hand pinching
increased branching compared to the control three weeks after treatment. All
concentration of dikegulac-sodium increased branching three weeks after treatment.
Dikegulac-sodium at 100 ppm was most effective. Eight weeks after treatment, hand
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pinching had no effect on branching. Dikegulac-sodium at 50 ppm and 100 ppm, and
GA3 at 100 ppm increased branching eight weeks after treatment. The remaining GA3
concentration had no effect during the growing season.
Table 4.4

Effect of Hand Pinching, Dikegulac Sodium, and Gibberellic Acid (GA3) on
Branching of Chile Pepper NM6-4

Treatment
3 weeks
8 weeks
………………………… Branching ……….………………….
*
11.50 c
Control
4.50 d
Pinching (HP)
9.25 ba
15.00 cb
Dikegulac sodium (DS) (ppm)
25
8.25 abc
14.25 cb
50
7.25 bc
16.50 b
100
10.50 a
20.75 a
Gibberelic (GA3 ) (ppm)
50
4.50 d
14.25 cb
100
6.25 dc
17.00 b
150
6.50 dc
13.75 cb
*- Means in columns with the same letter do not differ according to the LSD Test, P =0.05

It has been showen that hand pinching increased branching and reduction in plant
height in China Aster (Malleshappa, 1984). (Kumar et al. 2003) observed that pinching
twice caused a decrease in plant height, leaf length, with increased number of side shoots.
In this study hand pinching increased branching at three weeks after treatment, but did
not affect branching, eight weeks after treatment. Results with dikegulac-sodium in this
study are consistent with previous findings showed that dikegulac-sodium increased
branching, and reduced plant height, (Matta, 1984; Allen D. et al., 1993). In addition,
eight weeks after treatment, dikegulac-sodium at 50 and 100 ppm increased branching,
and 25 ppm did not affect branching. Gibberellic Acid in previous research was reported
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to increase branching, (Kamini, et al. 2005; El-Sese, 2005). However, in this study all
concentration of GA3 at three weeks after treatment did not affect branching. However
eight weeks after treatment GA3 at 100 ppm did increase branching, and the remaining
concentrations had no affect on branching.
The effect of hand pinching, dikegulac sodium, and gibberellic acid (GA3) on
juice pH, and sugar are presented in Table 5. Hand pinching, dikegulac-sodium had no
affect on juice pH. Gibberellic acid at 150 ppm increased pH compared to the control, the
remaining concentration had no effect (Table 5). None of the treatments affected sugar
content after harvest.
Table 4.5

Effect of Hand Pinching, Dikegulac Sodium, and Gibberellic acid (GA3) on
Juice pH, and Sugar Content of Chile Pepper NM6-4

Treatment
Control
Pinching (HP)
Dikegulac sodium(DS) (ppm)
100
50
25
Gibberelic (GA3 ) (ppm)
50
100
150

PH
5.47 b*
5.34 b

Sugar
5.25 a
5.50 a

5.34 b
5.46 b
5.36 b

6.00 a
5.75 a
6.50 a

5.36 b
5.29 b
6.32 a

6.55 a
6.25 a
7.25 a

*- Means in columns with the same letter do not differ according to the LSD Test, P =0.05

This study clearly indicates that hand pinching, dikegulac-sodium, and
Gibberellic acid had no effect on juice pH and sugar, except that GA3 at 150 ppm
increased juice pH. Previous studies showed that GA3 did not have any effect on SSC and
acidity (Sabır, 1995; Bilgener et al., 1999; Horvitz et al., 2003; Clayton et al., 2003;
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Usenik et al., 2005; Cline and Trought, 2007). On other hand, some studies reported that
GA3 affected the SSC and pH (Dandena Gelmesa, 2010).
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CHAPTER V
SUMMARY AND CONCLUSION

Dikegulac-sodium has been found to increase branching and has been used as a
chemical pinching agent of ornamental plants. Gibberellic acid (GA3) has also been
found to regulate plant growth and increase branching. Manual pinching is one of the
major management practices in commercial plantations of crops, resulting in branching
and fruit yield that is would be better to used in future. The best treatment for fruit yield
was Dikegulac sodium at 50 ppm which gains the best yield of 40.88 grams per plant at
the first harvested time. In this point I would recommend Dikegulac-sodium at 50 ppm
only which produces the highest fruit yield. Dikegulac sodium at 100 ppm is not
recommended, due to reduced fruit yield, and length at first harvest time. On the other
hand, Dikegulac sodium 100 ppm increases branching at the 3 weeks and 8 weeks after
pinching. Gibberellin acid did not affect fruit yield, length, and width; It would be
recommended because GA3 increased fruit length which may help in marking fruit. GA3
affect the pH of the fruit juice at 150 ppm, the other treatments did not effect an increase
pH maybe not be desirable, due to fruit tests. This study clearly indicates that the
effective hand pinching, and concentration of these PGRs to improve chile pepper fruit
yield and quality depends on the chemical nature of the PGRs used and the pepper
cultivar. In the case of dikegulac-sodium improvement of fruit yield and quality seems to
be at or lower concentration of 50 ppm. Especially, in the case of variety NM6-4 but hand
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pinching, and GA3 at all concentrations of GA3 indicated no significant different in yield
and quality. In general, it is important to continue the experiment in different growing
seasons and conditions on different types of chile pepper to confirm present results.
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